THE EFFECT OF CHANGES IN REGIME UPON THE URINARY ALKALINE TIDES IN A NORMAL INDIVIDUAL BY MAURICE MUSCHAT1 (From the Department of Urology and the John Herr Musser Department of Research
Medicine, University of Pennsylvania) (Received for publication December 10, 1925) In 1912 Henderson and Palmer (1912) introduced a technique for determining the pH of the urine and applied it to the study of twentyfour-hour specimens from 222 normal and pathological cases. Their observation showed a rarge of pH from 5.0 to 7.4. They also observed that the pH of the urine rises to some extent following a meal. The pH curve of normal urine was also studied by Hasselbalch (1912) who reported a fall in pH immediately after each meal followed by a rise to a maximum about three hours later. Fiske (1921) confirmed the existence of this rise in pH after meals and observed pH values during the alkaline tide as high as 7.7. He studied also the phosphate excretion during the period of the alkaline tide. Hubbard, Munford and Allen (1924) observed that the alkaline tide occurred only in individuals who showed presence of free HCl in the stomach during digestion. Higgins (1914) and Erdt (1915) found a rise of alveolar pCO2 during digestive activity. Van Slyke, Stilhman and Cullen (1917) confirmed this observation and found that the plasma bicarbonate in some cases increases slightly, in others not. Dodds (1921) and Dodds and McIntosh (1923) observed a rise in the CO2 content of the blood and in alveolar pCO2 about one-half hour after meals followed by a secondary fall in both at the time the urinary alkaline tide occurs. Leathes (1919) The following study is presented because it furnishes data upon the pH curve of a healthy subject throughout the entire day under varying conditions as regards time of taking food and time of commencing the day's activities. First the curve of urinary pH is shown when in accordance with the individual's custom only two meals, morning and evening, were taken. Then the curve when three meals were taken and then with only a single meal at midday. Finally the curve is shown during a day when the subject took his usual breakfast, but remained quiet in bed until noon without any physical acti'vity.
METHODS
The urinary pH was measured by the nitrophenol method of Michaelis. The preparation of the standards in this method depends upon the fact that the indicators are colored when alkaline and colorless when acid. The standards consist of a series of tubes containing alkaline aqueous solutions of the indicators in concentrations selected to give the same depth of color as that of a series of buffer solutions containing a uniform concentration of dye.
Two indicators are used: Paranitrophenol (pH 5.4 to 7.0) and metanitrophenol (pH 6.8 to 8.4). The same series of standards permits one to measure also the pH range from 5.2 to 5.0. For this purpose one takes 2 cc. of urine, 2.5 cc. of salt solution, and 2.5 cc. of indicator solution 1. A color matching the standard tube marked pH = 5.4 will then represent a pH of 5.0 and one matching the tube marked pH = 5.6 will represent a pH of 5.2. The color of the standard tubes was checked by comparison with S6rensen's phosphate buffer solutions to which the nitrophenol dyes were added. The pH determinations were made within a few hours of obtaining the urine except that the evening specimens at 8 and at 10 o'clock were kept on ice until the next morning. The subject's urine kept even 24 hours on ice was never observed to show a change of pH greater than 0.1.
RESULTS
The subject was a healthy male aged 28 years. His urine was collected at two-hour intervals from 8 a.m. to 10 p.m. and its pH determined. His daily work was light in character in the hospital and laboratory and was constant from day to day.
The first period of study was of the urinary pH curve of the subject during twenty consecutive days during which as was the custom of the In table 2, and in figure 1 are shown the curves of the average, the maximum, and the minimum, of the pH at each time of day for twenty days. Each day's observations showed alkaline tides after the meals; the morning tide having'its maximum about 3' hours after breakfast, the evening tide about 2 hours after supper. The morning alka-line tide was followed by a period of maximal acidity. The curve also shows that the alkaline tide after breakfast was higher than that following supper. Meal at 1.00 p.m.
The third period of study was of the pH curve when the subject took only one meal per day at 1 p.m. The results on these days are The fourth study was to determine the effect of physical activity on the alkaline tide by keeping the subject in bed until noon. The result is shown in figure 4 . Two tides are seen, timed approximately the same as upon other normal,or experimental days.
These studies suggest that activity and the period of digestion while they may perhaps influence the urinary pH are not the sole cause of the rhythmic alkaline tides in the urine. They strongly Determinations of the pH of the urine of a healthy subject were made at two-hour intervals throughout the day on twenty-seven days.
For twenty days the subject according to his habitual custom took only two meals, morning and evening.
For three days he took three meals daily. For three days he took only one meal daily at 1 p.m. On one day he remained in bed until noon, taking his usual breakfast but with no physical activity.
The curves of urinary pH on all of the days showed two alkaline tides, one with its maximum about noon and the second with its maximum about 8 p.m. The intensity and timing of these alkaline tides was not conspicuously altered by the changes in the patient's regime. The observations suggest a rhythm in urinary acidity characteristic for the individual and persisting in spite of marked variations in the individual's regime.
